Methodology
We conducted an exploratory evaluation of the sanitation conditions and use in 45 Kenyan schools in four of the eight administrative provinces between September and October 2010. We relied on UNICEF to identify and purposively sample schools; schools with urinal a number of studies have demonstrated the impact of improved school Wash conditions on absenteeism
Currently, more than 60% of all schools in africa lack sufficient sanitation facilities We evaluated the sanitation conditions and use in 45 Kenyan schools access were over-sampled. The provinces and districts were identified for logistical purposes and to include urinal facilities supported by UNICEF, the Government of Kenya, or non-governmental organizations. This study employed a mixed methods approach -utilizing both quantitative and qualitative techniques -in order to comprehensively assess the role of urinals in the context of schools in Kenya. Head teachers from each school were asked open-ended questions about cost and maintenance of sanitation facilities. Latrine and urinal costs were derived from conversations with masons throughout the study area. Researchers conducted observations at the school to determine the presence of urinals and latrines, the capacity of the sanitation facilities and condition of the structures. The usage of urinals and latrines were observed by two enumerators throughout a single school day. Enumerators were positioned in unobtrusive locations in order to maximally observe facility use without altering pupil behaviour. In order to quantify the time taken either for urination or defecation by pupils, enumerators observed and noted the time taken by at least 10 students in either the urinal or latrine. Facility usage was observed during and in-between break time to determine the patterns of usage. Within each school, we randomly selected 10 per cent of pupils to be interviewed about their use of the school's sanitation facilities and attitudes about the urinals. Random selection was done through the use of class registries. A total of 4,433 pupils were selected, 2,026 (45.7 per cent) of whom were female. Pupils were asked about their use of urinals and latrines at the school that school day. The semi-structured questionnaire included both open and closed response questions.
We determined the optimal capacity of the urinals based on observation of the number of pupils who used the facility at one time during the 15 minute morning break. For estimation purposes, we assumed that sufficient behaviour change approaches will be applied where all or nearly all students that urinate will use urinals. The limitations of this approach are that: 1) students who want to urinate may continue to use the latrine; and 2) by improving access at the school we may increase the demand. As such, these numbers are used for informational and policy purposes. Quantitative data were entered, cleaned, and analysed using SPSS v.12 and STATA version 10.
Since no studies of this kind have been previously conducted, data collected in the study were exploratory in order to capture the breath of conditions within the Kenyan context. As such, data derived from this study should be used to guide future studies and policy development. However, as with all research studies, caution should be exercised when attempting to apply the findings globally. long lines and poor conditions are reasons for increasing the number of latrines at school
Results

School sanitation facilities
The median number of pupils at the 45 sampled schools was 782 (range 162-2,228). Three schools were all-girls schools. The median percentage of girls to boys at the 39 mixed gender schools was 48 per cent (range 29-54 per cent). All single gender schools were located in Mombasa District in Coast Province: three schools were all girls, while three were boys only. Over two-thirds (67 per cent) of the schools surveyed had at least one urinal for boys, while only 19 per cent of schools had one urinal for girls (Table 1) . Overall, one in every three schools did not have a urinal for boys, girls, or both. All three boys-only schools had urinals, while none of the three girls-only schools had urinals.
Of the 45 schools in the study that had urinals, 8 (17 per cent) had both boys' and girls' urinals, while 20 (44 per cent) had boys' urinals only. No schools had only girls' urinals. The mean number of urinal blocks for boys was two (range 1-7), while all eight schools with girls' urinals had only one block. Only 17 (61 per cent) of the schools with boys' urinals had at least one block that was in working condition. None of the urinal blocks in Mombasa District was found to be in working condition.
The Government of Kenya policy is that all schools have a sanitation facility. All schools in this study did have some form of latrine, yet the condition and access to these facilities varied widely. Among schools with boys (n=43), two (5 per cent) did not have any latrines in working condition. Within the remaining schools, there were a median of 6.5 working latrine doors (range of number of doors in good working condition: 1-29) with a median pupil:latrine ratio of 55:1 (not including urinals). Three (7 per cent) schools with girls did not have working latrines for girls. The median number of working latrines was higher (8, range 2-21) and the pupil latrine ratio was 52.7 
Utilization of sanitation facilities
Based on data collected from pupil self-report, the majority of pupils use the school's sanitation facility (urinals or latrines) for urination during the school day. We found that 2,287 (95 per cent) boys and 1,803 (89 per cent) girls used the school sanitation facilities during at least one of the break times. A majority of boys (57 per cent) only used the facility for urination, while 38 per cent of boys defecated at least once during the day (that includes defecation during one break and urinating during the other). The results for girls were similar: 57 per cent only urinated, while 32 per cent defecated at least once, though a greater proportion (11 per cent) did not use the facility at all ( Figure 1 ). We were interested in monitoring the use of sanitation facilities at different times of day to assess the most congested times and difference in latrine and urinal use. Through self-report of latrine and urinal use during the morning break, we determined 72 per cent of boys urinated, while 11 per cent at least defecated. Among schools with urinals, 84 per cent of boys used facilities during break, and the use was evenly split between urinals and latrines ( Figure 2 ). Facility use was considerably lower among boys in schools without urinals (63 per cent), and a slightly higher percentage of boys went to the bush. Overall, boys in schools without urinals were three times
The majority of pupils use the school's sanitation facility for urination during the school day Figure 1 . use of sanitation facilities during break times for girls (left, n=2,026) and boys (right, n=2,407) . Those that 'defecated in both aM and PM' used the facilities in both breaks. They defecated in at least one of those breaks, and either defecated or urinated in the other. We assessed the most congested times and difference in latrine and urinal use The patterns of latrine use for girls during the morning and lunch breaks were similar to those of boys. During the morning break, 1,249 (62 per cent) urinated, while 269 (13 per cent) defecated. A higher proportion of girls in schools with urinals used facilities during the morning break (84 per cent) than in schools without urinals (63 per cent) (Figure 3 ). There was a similar pattern for girls after the lunch break: 64 per cent used the facilities in schools with urinals as opposed to 59 per cent in schools without. A higher proportion of girls defecated after lunch in schools without urinals (23 per cent) compared with those with urinals (10 per cent). Overall, girls in schools without urinals were nearly twice (11.2 per cent vs. 6.4 per cent) as likely to not use the school sanitation facilities compared with those with urinals (data not shown).
Based on responses to open-ended questions, many of the girls noted that they were not comfortable using the urinals for a variety of reasons, such as lack of privacy, queuing, and uncleanliness of the urinals. Of the 234 girls at schools with urinals who reported urinating during the morning break time, 191 (82 per cent) chose not to use the urinal and opted instead for the latrine or the bush. Of all respondent girls who reported urinating during the morning break from schools with urinals, those that did not use a urinal gave the following reasons: 73 (31 per cent) were not comfortable, 48 (21 per cent) said the urinals were not clean, and 32 (14 per cent) said there was congestion.
Pupil to latrine/urinal ratios
Based on observation, we determined that boys urinated for an average of 1.5 minutes and defecated for 2.5 minutes. For girls, those numbers were 2 minutes and 3.5 minutes, respectively. Data from the 15 minute morning break was used to quantify a revised pupil:latrine and pupil:urinal ratio for boys and girls. Based on the proportion of pupils that urinated and defecated and the duration of each use, the following acceptable ratios were calculated for the number of latrines and urinals needed in a school:
Boys: 98 boys per urinal + 55 boys per latrine Girls: 12 girls per urinal + 33 girls per latrine Using that same equation, if the school only had latrines, we calculate the need for 9 girls per door and 12 boys per door.
Latrine costing
Cost is one of the main considerations for developing an ideal urinal to latrine ratio at a school. We found that a six-door latrines facility (US$2,809) is more expensive than either a block of girls' urinals ($2,459) or boys' urinals ($1,744). The addition of tiles for the floor in the urinals raises the cost by approximately $2,000, though it creates an added benefit of improving maintenance and sustainability of the facility. The construction of urinals may translate into an added expense during construction, but these costs will be offset Many of the girls noted that they were not comfortable using the urinals for a variety of reasons Cost is one of the main considerations for developing an ideal urinal to latrine ratio at a school by improved maintenance of the latrine, reduced pit filling, and the additional health benefits of easy to clean sanitary facilities. The cost of construction of single latrine 'door' is nearly three times the cost of construction of a urinal 'door'. Construction of urinals is also economical in terms of space and time savings for students.
Discussion
Our findings suggest that the predominant use of sanitation facilities at school are for urination. We expect that construction of urinals will minimize the demand for and alleviate the strain on latrines, and thus serve three key purposes: 1) reduce the need for construction of new latrine facilities; 2) improve latrine conditions, thus increasing use and access; and 3) reduce maintenance costs and increase longevity of more costly latrines. One of the most interesting findings from this study was that more pupils in schools with urinals used the sanitation facilities, indicating that these facilities may be better maintained and less congested than those in schools without urinals. We found that including urinal provision in schools will dramatically alleviate congestion at sanitation facilities. Urinals were found to be a relatively cheap way to mitigate the high cost of constructing new latrines. Boys' urinals are relatively inexpensive to construct and maintain, may be longer lasting since they don't require a dug pit, require little in the way of behaviour change, and can accommodate a large number of boys at one time. With a fixed amount of money, construction of boys' urinals can help offset the costs of constructing more latrines and urinals for girls. Construction of boys' urinals in order to provide additional latrines for girls may be the most costeffective, equitable solution in both the short and long term. Access to urinals will help alleviate congestion at latrines, improve conditions, reduce maintenance costs, and sustain latrines longer.
The considerable difference in the required ratios between boys and girls highlights the need to consider the equity aspect of construction of sanitation facilities for girls, especially in the light of recent work showing that WASH in schools approaches can dramatically reduce absenteeism for girls. The findings here underscore the need to pay special attention not to equivalent allocation, where boys and girls have the same access, but equitable allocation of resources, where girls have more facilities to accommodate their needs.
The ratios of pupils to urinal and latrine were calculated using the facility use patterns observed at the study schools. Given that many schools did not meet the Government of Kenya recommended pupil: latrine ratio and that maintenance was probably sub-optimal, it is likely that children are avoiding the use of latrines. Thus, it is likely our findings suggest that the predominant use of sanitation facilities at school are for urination
More pupils in schools with urinals used the sanitation facilities, indicating facilities may be better maintained and less congested that demand for sanitation facilities is even higher than that observed in this study, underscoring the need for additional sanitation facilities. This conclusion is enhanced by data that reveal that a substantial proportion of pupils preferred to use the bush rather than the latrines or urinals. With a greater number of well-designed facilities, we expect more children will feel comfortable using the facilities. As such, the calculations of pupil to urinal ratios are intended as a guide to emphasize the need for more urinals.
Based on existing technologies in Kenya, boys' urinals that can accommodate seven boys at one time are the most cost-effective approach to reducing congestion. Girls potentially do like urinals because they smell less, but only if they provide privacy and space for personal hygiene (walls, doors with locks, water/soap). Urinals construction should therefore be paired with behaviour change education. Based on formative research, girls' urinals are cheaper to construct and maintain, do not require a pit, and are highly acceptable. However, they will not reduce the overall number of doors needed, since the current technologies require private stalls, similar to private latrine doors. It should be stated that the girls' urinal is a relatively new development in Kenya although they are easy to use and provide enough privacy for the girl students.
There are additional factors that need to be considered when assessing the full and long-term cost of the sanitation facilities that were beyond the scope of this study, namely:
• number of existing facilities available in the school and type;
• working condition of the existing latrines (and ability to rehabilitate);
• potential for and availability of pit emptying services;
• frequency of urinations in relation to defecation within school environment (and presence of school feeding programmes);
• cultural attitudes to usage and design (special significance for girls' urinals and facilities for disabled children);
• total population of a school (and age distribution);
• availability of materials; and • climate, subsurface geology, and groundwater potential.
Urinals in schools have an important role in the overall WASH in Schools sector. Although this exploratory study has shown that students are more likely to urinate than defecate in school, most schools continue to principally construct latrines. Latrine rehabilitation and construction or rehabilitation of urinals could alleviate the stress on existing conditions and lessen the need to construct new latrine facilities. The subsequent discussion includes suggested recommendations, divided into the following categories: health, With a greater number of well-designed facilities, we expect more children will use the facilities urinals in schools have an important role in the Wash in schools sector education and behaviour change, technical feasibility, financial costs, and community support and student engagement.
Limitations
There are a number of key limitations to this study. First, observations and calculations for urination and defecation may be subject to reporting bias. There are a number of reasons that children may not honestly report their sanitation practices to a school observer. Children may be ashamed to report that they used the bush, thus latrine use may be overstated. Second, observations on sanitation practices were conducted at schools with sub-optimal facilities. Thus, these calculations may understate the true demand for sanitation facilities at school if those facilities were clean, private, and wellmaintained. We would expect that addition of urinals would lead to more pupils using the facilities at school. Additionally, it should be considered that even though children are urinating, it will require behaviour change education and a change in culture for a substantial proportion of children to utilize these facilities.
Recommendations
• Construction of sanitation facilities -even urinals -needs to be accompanied by proper handwashing facilities to prevent disease transmission. Handwashing facilities require water and soap to be positioned ideally within 10 metres of every latrine/urinal block. The use of powdered soap mixed with water has been shown to be an acceptable and cost-effective solution for providing soap throughout the school year (Saboori et al., 2010) .
• Construction of urinals or latrines needs to be accompanied by a comprehensive behaviour-change programme to educate pupils on the need for proper hygiene and sanitation. Education on the proper use of sanitation facilities will improve use among children who are unaccustomed to using sanitation facilities and will improve maintenance.
• An emphasis on girls' latrines in relation to urinals needs to take into consideration that girls who are menstruating will require more privacy than would be provided in a urinal and therefore will require more facilities than boys. Since boys' latrines are relatively inexpensive and require little in the way of behaviour change, construction of boys' latrines in order to provide additional latrines for girls may be the most cost-effective, equitable solution. In order to accommodate menstruating girls, Construction of urinals or latrines needs to be accompanied by a comprehensive behaviour-change programme these latrines need to be private, clean, especially large to allow girls to change pads and wash, and have a nearby source of water.
• Waterless urinals can and should be designed to collect urine through drainage pipes and tanks. This option removes the need to dig a pit or construct a soak pit, and the use of urine for agriculture can be ecologically beneficial and economical. Of course, behaviour change education in the design of use of urine in agriculture is critical and the design of these urinals should be considered carefully so that the urine is collected and used safely.
• Urinals in schools can have a niche in, for example, difficult geographical circumstances (e.g. hard rock ground). These niche markets could be further developed and can provide the key to making urinal usage more successful in efforts towards potentially scaling up.
• Although within the context of this study the issue of urinals and latrines for disabled students has not been observed, this does not underestimate the importance of reflecting on the technical designs to accommodate these students. In terms of urinal usage this may entail adapted designs for one of the urinals/latrines. girls who are menstruating will require more privacy than would be provided in a urinal it is important to reflect on the technical designs to accommodate disabled students Table A1 is a summary table of latrine and urinal use observational patterns. Our calculations were based on the assumption that under ideal conditions latrines would be used for defecation only, which would only be feasible with considerable behaviour change education, but would be approached with improvements in latrine conditions.
The optimal ratios for latrines were calculated as shown in Boxes A1 and A2 based on the available data. The calculations were done using data from the 15-minute morning break, since it is a more congested time for use of the sanitation facilities for both urination and defecation (although more students defecate in the afternoon break, since it is longer, the strain on facilities is not as severe). The calculations are presented here using a hypothetical school of 1,000 boys and 1,000 girls. 82.6 doors for urination and 30.2 doors for defecation for 1,000 girls Therefore, these data suggest a pupil to latrine ratio of 9 girls per door, the same overall number calculated if urinals are also used
